Objective. The University HealthSystem Consortium (UHC) database collects discharge information on patients treated at academic health centers throughout the United States. We sought to use this database to identify outcome predictors for patients undergoing total laryngectomy. A secondary end point was to assess the validity of the UHC's predictive risk mortality model in this cohort of patients.
Introduction
Recent studies have shown that the management of latestage laryngeal malignancy, whether by surgical or nonsurgical treatments, at high-volume teaching hospitals is associated with improved survival. 1 Although the number of studies is limited, observations of the positive effects of both surgeon and facility volume have been demonstrated for surgical management of larynx, parotid, and thyroid disease. In addition, improved long-term survival in patients with any stage of laryngeal cancer treated at high-volume centers has been reported. 2 In addition, although highvolume hospitals are more likely to care for higher risk populations, the data suggest that patients undergoing laryngeal oncologic surgery at these institutions have a shorter length of stay (LOS) and lower hospital-related costs. [2] [3] [4] Several preoperative, intraoperative, and postoperative variables have been shown to be independent predictors of prolonged LOS after major elective head and neck surgery. These include increased age, alcohol abuse, chronic obstructive pulmonary disease, diabetes mellitus, longer operative time, need for blood transfusion, and occurrence of 2 or more postoperative complications 5 ; however, there is limited information on outcome predictors for patients undergoing high-acuity head and neck procedures, such as total laryngectomy, in a strictly academic setting.
To address this shortfall, we sought to use the University HealthSystem Consortium (UHC) discharge database. The UHC is a conglomerate of more than 100 academic medical centers and their affiliate hospitals, representing approximately 90% of US nonprofit academic centers. The UHC discharge database offers risk-adjusted, patient-level data for performance improvement purposes. Outcome measures have been extensively reported for other specialties using this database. 6 The UHC database has advantages over the widely used Surveillance, Epidemiology and End Results database, which is restricted to Medicare recipients and selected geographic areas constituting approximately 26% of the US population. Moreover, the UHC database collects from a larger population compared with similar databases, such as the National Surgical Quality Improvement Database. 7 The UHC discharge database was used to identify outcome predictors in patients undergoing total laryngectomy in an academic health care setting and to correlate institutional surgical volume with length of hospital stay. A secondary end point was to assess the validity of the UHC predictive risk mortality model for this specific cohort of patients.
Methods

Patient Selection and Database Queries
The study was approved by the Institutional Review Board of the University of Arkansas for Medical Sciences. The database was accessed in April 2011, and the data included for the present study extend from the fourth quarter of 2007 to the first quarter of 2011. The database was queried using the UHC Clinical Database/Resource Manager and the procedure codes for total laryngectomy (303 and 304) to identify and retrieve data for all patients who underwent total laryngectomy, with or without neck dissection, during the study period across all UHC member institutions. The procedure code was used as a proxy for the diagnosis of squamous cell carcinoma, thereby assuming that the majority of patients underwent total laryngectomy for treatment of laryngeal cancer. This is an inherent limitation in our study, as some patients could have undergone total laryngectomy for other indications, such as extralaryngeal primary tumors, or for functional reasons. This approach also obviates differences in the techniques used for pharyngeal reconstruction, which may range from primary closure to free tissue transfer.
Demographic data, including age, sex, race, and primary payer status, were obtained. Outcome measures evaluated included observed mortality, intensive care unit (ICU) admissions, readmissions, LOS, and cost. In addition, outcomes were stratified on the basis of risk for mortality on admission, complications, and the presence of comorbidities.
For the purposes of this analysis, age at admission was grouped in the following categories: 18 to 30, 31 to 50, 51 to 64, and 65 years. Race was categorized as Caucasian, Hispanic, African American, and other, which comprised Asian, Native American, Hawaiian, and undetermined. To accomplish risk adjustment, the UHC uses regression modeling techniques in combination with 3M Health Information Systems, Agency for Healthcare Research and Quality comorbidity software, and the UHC complication profiler to assign an illness severity level and expected length of hospital stay, costs, and probability of death to every patient entered in the database. 8 Using all-patient refined diagnosisrelated groups, the UHC estimates the severity of illness on the basis of the International Classification of Diseases, Ninth Revision, Clinical Modification procedure and diagnosis codes. The UHC's risk stratification process uses all of these clinical data to assign each individual patient to a risk group, a process that has been previously described in detail. 4, 6, 8 In addition, 29 comorbid conditions, using the Agency for Healthcare Research and Quality's comorbid states, are used to estimate the severity of illness, taking into account other relevant clinical factors. On the basis of a combination of diagnostic and patient-specific factors, patients are then assigned to a severity level (eg, minor, moderate, major, or severe). Higher severity levels indicate patients who are likely to be at risk for more complicated clinical courses. 6 These UHC and Agency for Healthcare Research and Quality severity groups were used to stratify outcome measures.
The UHC database also provides an estimate with regard to the cost of patient care. This is done using a cost-tocharge ratio with specific costs and revenues from the Centers for Medicare and Medicaid Services. The cost-tocharge ratios, along with detailed patient charges, are used to calculate estimated service center costs. Total estimated cost is determined after summing all individual cost center estimates. 4, 6, 8 
Statistical Analysis
Statistical analysis was performed using SAS version 8.0 (SAS Institute Inc, Cary, North Carolina). The information retrieved from the UHC database was in the form of tabulated data summarized by reporting institution. The information of interest included the occurrence of complications associated with the laryngectomy procedure, need for ICU admittance, observed mortality, length of hospital stay, and costs. In addition, demographic information was captured for each reporting institution, which included gender, race, and age.
Because the primary data source for this study was based on pretabulated information, the type and depth of analyses was limited, as only simple bivariate associations could be evaluated. Pearson's x 2 tests were used when 2 categorical variables were to be compared, for instance, in assessing the association between gender and complication rate.
Continuous outcomes, such as cost and LOS, were summarized across institutions using weighted means and weighted standard deviations, where the weighting criterion was based on the sample sizes of the reporting institutions. Student's 2-sample t tests were used when the goal was to compare 2 groups with respect to a continuous outcome. The tabulated nature of the data precluded the analysis of more than 2 groups. Pearson's correlation test was used to analyze the relationship between institutional case load and the observed LOS. Statistical significance was defined as P .05, and no adjustment for multiple comparisons was performed.
Results
The study group comprised 4648 patients (3713 men, 935 women). Men far outnumbered women in a nearly 4:1 ratio, and the majority of patients (n = 4006 [86.2%]) were 51 years of age. The demographic characteristics of the cohort are summarized in Table 1 .
The associations of sex and age with complication rate, ICU admission, and observed mortality are presented in Table 2 , and Table 3 summarizes the same outcomes measurements in relationship with calculated admit mortality risk. We found that older age (P = .014), female sex (P = .0462), and higher admit mortality risk (P \ .0001) were significant predictors of ICU admission.
Predictors of complications included the estimated mortality risk (P \ .0001; Table 3 ), specific comorbidities such as anemia and diabetes (Figure 1) , and Asian race (P = .019; Table 4 ). The reported complications and their relative frequency is presented in Figure 2 .
We found that race was not a significant variable for ICU admission, increased cost, or observed mortality ( Table 4 ). Interestingly, there was no significant association between age and complications. As shown in Table 3 , the estimated mortality risk on admission was the only significant predictor of perioperative mortality (P \ .0002).
We found that the observed LOS and overall costs ( Table 5 ) were significantly higher among women, and this association reached statistical significance (P \ .0001). Case load showed wide variation among institutions, with an average of 1.92 6 1.1 cases/mo. There was a statistically significant correlation between the institutional case load and the observed LOS (R = -0.476, P \ .0001), as shown in Figure 3 .
Discussion
Given that a more morbid population, in terms of both comorbidities and cancer stage, is typically treated at highvolume medical centers via referrals, one would surmise that patient outcomes for late-stage laryngeal malignancies would be worse at these institutions. The UHC database offers a unique opportunity to examine the outcomes of individuals undergoing laryngectomy at academic hospitals, which by their nature are tertiary referral centers and are assumed to treat individuals beyond the capabilities of local community or specialty hospitals. Given this assumption, and the nature of the UHC database, the results of our study cannot be immediately extrapolated to populations outside of tertiary facilities and their affiliates.
Our data indicate that the average number of laryngectomies being performed at UHC institutions is roughly 2 per month ( Figure 3) . This case load could not be considered high volume according to previous literature, which defined high volume as 50 procedures per year for academic facilities. 4 However, it is important to note that this case load was determined using procedure codes from all members of the UHC and likely includes some affiliates at which the treatment of laryngeal cancer might not be common. The exact impact of case load on outcome indicators at high-volume institutions is still being fully elucidated. 2 In this regard, we found that within the UHC-affiliated institutions, the institutional case load was an accurate predictor of observed LOS. These findings are consistent with recent reports in the literature. Gourin et al 9 showed a decreased LOS and lower hospital-related costs in patients treated for oropharyngeal cancer at highvolume centers. In a similar fashion, a recent study demonstrated significantly lower complication rates among patients undergoing head and neck cancer surgery at high-volume hospitals, despite higher levels of comorbidities. 4 Several studies have suggested that improved institutional processes and a higher level of care coordination between providers could be behind the improved outcomes at these institutions. [10] [11] [12] [13] In terms of surgical treatment, laryngectomy patients pose a challenge preoperatively, intraoperatively, and postoperatively. It is very common for these patients to have multiple comorbidities, failed organ-preservation treatment, or locally advanced disease requiring complex reconstruction. All of these factors can have a significant impact on surgical outcomes. It is our thought, and that of many others, that health professionals who care for these patients on a frequent basis are more attuned to identifying the potential pitfalls during the intraoperative and postoperative courses of these patients. Experienced surgeons who routinely perform laryngectomies can appropriately select surgical candidates and tailor their care with respect to the presence of comorbidities and individualized risks for complications. In addition, when complications do occur, consulting physicians and health care specialists in these facilities are more familiar with assisting and providing care for this high-acuity population.
As Medicare and Medicaid, along with private health insurers, aim to bend the cost curve of medical care, there is an even greater impetus to minimize LOS and complications after surgery. As much as 40% of hospital expenses can be attributed to treatment provided by surgical specialists. 5, 14 Longer LOS and increased incidence of complications have been associated with comorbidities, sociodemographics, and preoperative patient characteristics, although specific findings have been limited. 5 Patients characteristics associated with prolonged hospital stay and complications reported in the medical literature include advanced age and sex. 5, 15 In addition, reported comorbidities related to prolonged LOS and complications include chronic obstructive pulmonary disease, cardiovascular disease, and diabetes, 5, 15 which is overall consistent with our observations. However, an inherent limitation in the UHC discharge database is the bias of retrospective coding, as institutional coders might unknowingly include or omit comorbidities and/or complications related to the procedure. In the present series, advanced age was a significant predictor of ICU admission, highlighting the frequent need for higher acuity of care in this specific age group.
In our series, female gender was associated with an increased ratio of ICU admission, longer LOS, and increased overall costs. Interestingly, increased costs for women undergoing head and neck cancer surgery have also been reported in the recent literature, although the underlying reason for this association is still unclear. 4 Although we found that Asian race was a predictor of complications, this finding can be questioned given the small proportion of Asians (1%) in this cohort. Conversely, Jalisi et al 4 demonstrated that African Americans have a significantly higher rate of complications when undergoing head and neck cancer surgery. In the present series, we found no evidence for this association; even more, the observed complication rate for this group was slightly below that of Caucasians.
Comorbidities associated with higher rates of complications included anemia, diabetes, alcohol and drug abuse, coagulopathy, and congestive heart failure. In the literature, a higher rate of complications has been reported for patients with depression, anemia, drug and alcohol abuse, and weight loss. 4 Unfortunately, the UHC database does not collect data on procedure-specific complications (such as pharyngocutaneous fistula), and information is captured at the time of discharge, reflecting only complications that occur during the hospital stay. These must be acknowledged as inherent limitations of the study.
Reporting outcomes of surgical procedures as proxy measures of quality has been routine in certain fields, such as cardiac surgery, for more than a decade. [16] [17] [18] We found the UHC-adjusted mortality model to be a highly accurate predictor of ICU admission, postoperative complications, and death for patients undergoing total laryngectomy in an academic setting. To our knowledge, this is the first study to analyze UHC admit mortality risk as it applies to outcomes restricted to total laryngectomy. It must be stated that the variables and algorithms used by the UHC to determine risk are proprietary and were not examined in this study, thus making the application of our results outside UHC institutions inappropriate. Given that there has been a shift toward regionalization of head and neck cancer surgery, 1 there is potential for academic institutions to use this model to stratify patients according to their objective perioperative risk. To effectively improve surgical outcomes, this information should be accompanied by the creation of pathways oriented to optimize the preoperative status and postoperative management of higher risk patients. Additionally, having this information available could also be valuable at the practitioner level, at which it could be used for patient counseling or in the setting of preoperative consultation.
Conclusions
This study provides a unique overview of the perioperative and hospital stay outcomes and prognostic indicators in a contemporary cohort of patients undergoing total laryngectomy at academic institutions. We found that female sex, advanced age, and the presence of chronic comorbidities had a detrimental impact on 1 or more outcome indicators. The UHC's admit mortality risk proved to adequately identify patients in need of higher acuity of care. More important, we found an inverse correlation between institutional surgical volume and LOS. Future studies are needed to identify factors within the care process of high-volume institutions leading to improved surgical outcomes.
